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(57) 

^JSy ^£^:£ffi£ilfl^-g-fcHir5£, 3. 5~2. ov 




>n *#• oo cm •- o 



Srfi«pLfc3t«r*SrA«i-Sri:Sr«f«4:-r55fir«H»JS 10 
[f**3S3 J 1 1 l fl©^*— A^K* 

SM&J«*«rfi«r L 5 ritfti 

[»*«4 ] f lc>^ < 1 1 1 «©^tf— A'S* 

fcfi^^u- hS£Wi"5*^«ltft;-g-#>£N-R-2 
-t°n y (R«7K*lf:^*^f4T/wdf/^) KJ§$¥ 20 

LMaSr^snig, *?y r=y v^sr^a m 
asanas-*- 2 xs, *#«6jt»*«r»iR a Kmmm 

^u^D-mism &£.unhnt-^"7 y- 

— fp y K> (Rtt7K^T-*fet4T/u^/wS) trigs*? 
L-Ma^iifim #yr=y ^»*Sr*»afc 30 

^U7!)-s#5^3m *j±io«»?>*tfc^9y — 

[111*916] #^>P J^*< t t> 1 A^ah— 
fctt^^-h*Sr*i-«*«BK«^-&*S:v N-R- 

2 — fay K>- (R«7k*H^*fc«T/v^/i-S) dig 
8¥ Li£i& a £r#5fg 1 Il> < £ t>*ffi#s&®^ 40 

^t5l2ig> ^y r-y ^j^^^a ieigsin^ 

y-Sr»a»4XS» S3±V»feixfc^9y'-S:i»*tt 

«l-r * JB 5 XS Sr ^Ti" S r i: Sr W« -5 *T«Bi£ Jt < t * 
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[0001] 

§Kg#8s» feJ:tf£©«£*tt&IEffil£/Bv\fcy^?A 

[0002] 

[t£*w&fl5] 197 i¥i-*mttw^y r-fe^^^ 
a^A/(;n&ft£*vo^ 0 /Ky T-t^uvii^s^T*® 

Stt 40~80Wh/kgt f btltV^o M^- 
[0 0 0 3] i*u5>©*«fl;^*©5*>, *S#fF3S4, 

833,048^-{'{±, M* S-R-S--M* (RttflgflS 

V U 

M* S - R- S- S- R- S — S-R-S M* 

cox vteMx-tfy-^— fk-rso r 0 LT^fieLfcjKy-x- 

(M*) «i£-r5&JSMiW$^*/u:7^ K* 

OOWh/kgt$>5„ 2 0 0Wh/kg£l± 

S#fF*5, 523, 179-^-(i«^ft:«II^S^^nTV^So 
[0 0 0 4] La»L&tfSS>, ^fls:«it^©^kil5cS:^l* 

fc, ^«y^^A?rAffii: Lfeft^^tilfiJcLfcl^, M 2 

m*iEm\^m^i±y°3-VJ*mM.-vvz. 3. 6v*it5 




3 

[0 0 0 5] 9$^t\\z.^jr--?\'m^Tz.\^-3r\s— 
hS?rtt^t«ft^9t. Suffix <fc 5 &W3£ 

te, #c<^a*^J;5o Wttl^/^^-r Kft;^*>SrSftfc 
(Steffi) "TSi:, ®^*6»14-C^^o>f5j-^e»tt(c:S:L 

^ ^/^-fbbf-v^/v:^ K*s— fflsffi««{;:iSfl¥ 

fc»0ft»*s»0f^#y^— ^b-rso ttt, 
& rnwrn t>* h mnx y ^ -ft l t m m l *k y ^ 

h!7 — ^feffllfiU ffiffiKJCKBS^bfc<fc5 0 

SIM ^/HW&2Sffi< ^o^«9i~5^5^^:Sr*LTV^ 
[0 0 0 6] 

[0 0 0 7] 

[0 0 0 8] *38W^*^«tt^«3S*jfett. ^H^i- 
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■To ) «ift«a^#^im #yr^yy» 

*atcasjpis^L-x9y-S:#s»3xg, *5ir«iE) 
y— *#stt^:«Ffls{^^L, 

AJR«*if^»*S:j8JPa-&L, b*>£«fc:# ■ 

io yr^yyi*. ^^r^^lt^^^^n^Pi^ ■ 

#y y v^j^Sr*««KStfb^»Sr*«Fbfc«. * 

Wt5OT, WaHK3lft;^»*5J:W^yT^y^35S^— 
}^oS5»«^N-R— 2 — l^n y K^i-ffis»L 

[0 0 0 9] 

S&^tfab, ^yr^yy ©TPAn^to ) t 

IkftSfc 9 1 6 7 5Ah/k g^t&JSBfe^SSr^b 

mm^h 2 o%£iTtm\ ba>u PAn^wss 

^JRy^^^ffitJfi^fciirfeii^ 2V(7)1MEE 

30 ss© (/Ky) ^i/^fr^y, *fMS5l<z> 
(^y) ftwfr^y^PAn^F^tv^u 

[0010] SS, PAn, *5J:I/N-R— 2 — 

t°n y K>- (^TNAPt$t 0 ) V'^irfiK 
a#NAPi^I±fnT*^l 
40 *^.L*V^^&S3&^> NAP(OMt^I±^ 

ntt^r t\z£y, it^fc ^ a- ^ ^m^m^mm 

[0011] o"C*>5AJIWH* 

fe^jB««, 3te»SR/£i-J: 9#yr=y ^*3±tJ«s 
stffi^^r^b, ss^^ss^yr^yyo 

r-y s soo^ffl^mffii-^, 

50 ^#x.5 0 




(4) 



[0012] SS^ LTf*. (R (S) y ) n Xm 

-CfcSo HSCH 2 CH 2 SH t'S^ttS^^/y C 2 N 
2 S(SH) 2 T*:g£tu£ 2, 5 -v^/W;*?^ 1 , 3, 4 

-^r^r^/K c,H,N s s s "C^$ix5 s-hur^y 

— 2 , 4 , 6 — h U /K QHcN^SjT* * 7 — 

^ ^/l/— 2 , 6 , 8 — h !J 7* /l^ ^ h ~? y >\ C 4 H6N 4 S 2 
Tt^tl§4, 5~^TS/ — 2, 6»^^/^7°M: 0 

y * i/^mtm^^h^^o fa^m^n^^*/^ 10 
srirdSTtSo ^nh<vs s£*. r*. ^^y 

£ Q SStLT^ (CSj n (x = 0. 5 — 

2, n = 2J^±cD^:) -c^saxs^y *y^;v7 
[0013] #yr=y L-as, r^yvs^t^-^ 

ffiffi-t-s^-e»*Lv\ tfyr-v >-(om^m (rd 
1) fi, T^y r^y v^N-y ^/w— 2 — t°t2 y K>-i- 

4 0 n mfffi(7)gMffl^Sti^^/ ^SM S 
iEH-rSSRiR^— ^<^33l* (I«o) ^ 3 4 0 nm{ffi 

iRt°— ^<^>5S* (l,„) irOJfc, RDI = U/I 
joT^t^fc^ttSo rdi#o. 5Jt^T<^^yr 

^y ^mrM^m^^hnz> 0 r^y >-<z>jb£k— zf<o 30 

S«fi, te3f«iii<J:9*$ixSo 10-5S/' 
c mSlTotf y y ^as#igfc/Hv^*xS 0 
[0014] *38M^8^5S^r^ti-fflv^SNAP^: LT 

J: 5*5^*2 0 p pmOT^ilfc^^^^:^ 

*T#5 0 trpyK^ N-y ^/w- 2 — tfp y k^, 

N-xf/W2-t°n!J Ky, N — 'Zf^JV — 2 — tr°n y 
[0 0 15] **M^^:fflv^sa^«tt*«pflc|^:tt % *K 

^yr^y ^#y ^n-^^attias^iR^ 

[0 0 16] **Mt^:fflv^5Sb^»SLV^4feJR^H*if 
0 . 1 m m?&> MOO// m^£PS \ * fc, ffl?SS 50 
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[ooi7] mfc^nte^m<DmfommffiM$:m\<^o 

#BS« 9 9. 9 %«±^S»4 LV\, 3|£*e£>3K&te 1 0 /z 

mgjiT^»*n/\ *««sftfk^«? t >k y r^y vco#j 
^y>-^o. 01-10 msMtm-M m^it^ 

S^t-^tbO. Ol-l oas«fP^if*UV\ SKII^fls: 
tt, *T«H«Stfb^WlS*«flJ^*tL, 0. l-10ii 
35, jif*L<^ 0. 5^^2fi^^ffl^5 0 
[0 0 18] S S^iaTcLTJfiSr^^c-t-SBe^JR^^ 

^y r^y ^jw^^y t°n-/u^^y 
[ooi9] ^mm&m&Mm^te, ^js^^^>-m + 

>-Ky^^W^^1^-f KfcLiC10 4 , LiCF 3 S0 3 , LiN(CF 3 S 

(W,«<oy^!>^tttS:*»Lfc*y-r— H»«wir, ^ 

^j^^i-LiClO^, LiCF 3 S0 3 , LiBF 4N LiPF 6 , LiN(CF 3 S 

o 2 ) 2 m<ov f ?^fi«ittw^^y y n 
^by/K ^y ^yfbe^y ^yr^y;* 

^ ^ jU^^t l Mg*^i Lfd«*l»I^S^ LtfeJ: 

\?=z/ut /is. ^yt^t 0 y^ ^y^ktr^ 

y f V^^t«5)T-/ W y ^-^r» LT t> J: v \ * 




7 

[0 0 2 0] 

(mifomi)) 2, 3, 

^yr^yy (011m ffin^r^y- k) Srr/^ 

S^10-8S/cm, RDlfl^O. 2 6 (Dffi, K— ^31 

^yr^yy*&*i. o g , rtf^^fi* 
0. 2 5g, Og, ft^r^yp^ 

h y /^/^ f;vr ^yi/-h^y ^— (*ffii^ 

/Vlt=9 5/5, S¥M)^t4 0 0, 0 0 0) 0. 1 

^ ^V^* — — hSl^JgftE (^«J£ 1 : 1 ) 1 M(D 
LiBF 4 WO. 5M^)LiPF ( «lti» 

i-TJ¥^ 1 0 0 // mc^i/— hiCj^^Lfdo r 60>— f 
J¥£2 5//m, ffl 6 5 %(Dm^ v <Dis— h 

v*Sa<D*S— h&^$tklTZ>Jf& 5 5 u m<D 
a^tfi^hSrUfco #b*b*:*^«ffiS:2 X 2 c m 

[0 0 2 1] «mi&M2)) N-^^/l— 2— t°P y 
(£AT\ NMPttt) 7. 0 g^DMc Tt»*2. 0 
gt*»Lfc<7)t, HJfii« l l 0 -8 s / 

cm, RDifi^o. 2 6c^juiK— ^jS5n^y r^y V 

0 g ?r ^ b l« L t f ifec^ft^ i 5 * DM 
cT-PAn-NMPS»W: c ^^f&i-, J^frflEt 

i/^^^&^T 8 oxixi 5#raJnf»u 

// m^lfi^SSgSr^fco Wfefrfc^^fllffiS: 2 X 2 c m 

Pc^ttiA^^l 0 0fiS%(-^fUO. 2fiS%T-foo 

[0 0 2 2] NMP 7. 0gtC4, 5— v> 

T^y — 2, 6— ^;^^ht"y * *Jls (£AT\ DD 

y^ as*r^y-K) S:r^*y*js 

-8S/cra, RD1P0. 3 0 (Dflft K— ^Myztf V T 
-y ^3fi9*l. 0gS:$?)ic8j)?U NMP £r 

9. 7 gHOLTffUfe^DMc T-PAn-NMP» 
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2 5 g, *3iU?¥ft:«»||«&*l. 0 gSyjPLT^— J^S 
&V^&<D*7 y— S:#fe 0 rco^fe^^yy-^r, ¥ 
s^a* 2 5 0 m mc^T^y — ^£rffl^TJ¥£ 30// 

v>t 8 o°c-ci 5#BHAqfSau * 7 o^ce 

6 o^wwnisau ffS5 5M^iSSr#fco §bn 

fc*-&SffiSr 2 x 2 c mfticfflBrbfco ^*P?»hu^<£> 

10 NMP©38#if^ NMPc^ftiZ^S 1 0 0MA%\zM 
to. ili%^fcofc 0 

[0 0 2 3] «Jttt«l» *«cSt»»*****VNeJL^ 
tt*J6«»l 1 LTJ?£ 55// m©I^IS?:fl 

[0024] «tbtSf «i 2 » iiTn^y r^y 

^V^^^ffi^(|l i:RI«^bTI?S 5 5 Mm(7)1S^m 
[0 0 2 5] «Jt«fi»j3» DMcT»*t^4V>H^ 

20 fc 0 

[0 0 2 6] «Jt(R«4» m*«E<IS:**«V^^tt* 
16W 2 i: |r!«^ tt* * 3 5 m m©«^lffiS:#fco * 

fii%t->CtLl2. 5fift%T*fcofc 0 

[0 0 2 7] «JfctSEfcl5» ^#«JtSr***V^^^ 
J60J3 t raHKc LTB* 5 3 Mtn©a^tS$:#f: 0 * 

I^iit^NMP^^ifl NMPCOtt^filO 
30 0*fi%^*rLll. 5*S%-Cfcofe 0 

[0 0 2 8] JKJL^SBftfcl 1 ~ 3 , *5 J:^JtttffiI 1-5 
-e#fc#«ffi*jEffii: tXEl 1 <D X 5 * yf^Alft^ 
j|ffl*fiTfco IUl(-*^T, lfi^ffiSr*"t- 0 n^IEag 

82, *3j;tWP*0. 3mm^JRy^-l>AfSdi?>*S 
fti3WU2 x 2 cmft038«* J f : Sro< «9 , r 

(^ftttll : 1) ^ 1 M(7)L i BF 4 joJ:l/0. 
40 5MCDL i PF 6 «l«2 0. 7gX*tfVT? 
yn^Fy/^3. 0 gSr^/WbLTSHUfLySio ^^-Y 

9, ±To^^/uA^#ffi^feiEffij3J:^SScoy'- 

[0 0 2 9] ±fStZ)#lffi^ 2 0 o CH*3^t 1 mA(D- 

j£MlMX\ 4. 3 5 — 1. 0 vcofalti!) igb^m 

«ii^i-o 3ijffi0yi»j:mb»0yi'-'3 6OjEig 
50 ^jBi^mMii-o^T, fttkM9$5i)-<<#si'n<DtlLW,ih 



(6) 



11-214008 



10 



1 2 i-^i~ 0 

[0 0 3 0] 





(mAh) 




1 


5 


30 


50 


mmm i 


6. D 


5.8 


5. 5 


5.3 




5. 2 


4.9 


4.6 


4.3 




5. 0 


4.9 


4.6 


4.2 


JfcttW l 


2. 2 


1.9 


1-7 


1.5 




5. 6 


4.0 


2.8 


1.6 


tt««3 


4.6 


3.8 


3. 3 


2.8 


it««4 


1-8 


L8 


1.5 


1.3 


it««5 


1.6 


1.7 


1.5 


1.2 



[0031] JK_b^*^e>we>^*<t b\c, j&$m\c 

[0 0 3 2] «^ffi0ij4» NMP 7. Og^DMcT© 

*2. ogtsdiLfc©^ mmmi tmzBmm&i 

0-8S/cm. RDIfl^O. 2 6 (Df& K— ^ilTC^ U 
54DMcT-PAn-NMPS«Wc 0 r<Z>*8?fc 

// mtf>«^Sffi£#/£ 0 Wk^fclfi^SffiSr 2 X 2 c m 
M J: ^fffl L/ciMII^^ NM P NM 

POffi&^fil 0 Ofifi%td^fbO. 2fiS%Tfco 
[0 0 3 3] {{Xlfj5)> NMP7. 0g{rDMcT5g> 

*2. o g^^?Lfcm, mmms tm^&m&& 1 o 40 

-8S/cm, RDIPO. 3 0 K— ^Stc^ U T 
^y^*&*l. OgMU NMP^9. 7 

g»Ufife^)DMc T~PAn-NMPM«l 
fco rc^^t-s 7^1/y/7y^t»*S:0. 25g 
*3«tt^*ft:BK||»*l . Ogttttj&-(^LIfe 
co^^y— Sr»fe e 9 y~*\ ^firsx^ 

2 5 0 // m<DTy"]) tr — 9 Srffl 1^X15 $ 30// m£)^M 

tti s^ftWnfSab, Sfef^, jS^7 0t:t6 0^ 



®£r 2 X 2 c mf|^^I[rrL/c 0 X^Pf^iuftcD«^m^ 

NMP^ttiA^il 0 Oli%CSlO. 1 

[0 0 3 4] ({»6)>NMP7. 5gl: S -F!J7 
i^V— 2, 4, 6— hy^^-— /W U^T\ TTAW 

-so 1. 5gSr8i»tfci, 4^y7^yy (0* 

m. RDIP0. 1 8^JW,K— 7 p 3S7C3Kyr^y^t& 
*1. 0gMlTTA-PAn"NMP©»# 

0 // m^T^y ^~^£/BV^TJ?£ 3 0// mCO^JSg^?g 

i5^ra*ps»u *e>{^ Jtss^s ot:-c6 o^bb*ps» 

2 X 2 c mftJ^Bf b/c G *ffi*P«l«i«^«'&«ffi<©S 

*m t xvnm vfcm&mmtp?> nmp <7>ge# 

SW\ NMPOtt^il 0 0li%[^l0. 051 

[0 0 3 5] {{MMM 7 » NM P 7 . OgCDMcT^ 
2. 0g»lDMcT-NMP»#f: o -CO^ffi 
iC N spjgilft^si //m^«ait&*0. 5 gSrSsJPU 

^bgS*Sr^fc^^S:#feo ^<zm >^ ^yr 
^yv fSp p p^r^y-K) tr/u^y* 

iKft^K-ytt: V^^^XMTcLXmtii^m^ 1 
0-8S/cm, RDIf^O. 2 8 <£>Eft K— ^iljc/K y 

7^yye*i. ogSrSsjpu mm^o m 

ttWSt»*l. 0 gfirJRJPft^Lfco #6ixfc>f^^ 
Sr, 10// mOO^-^^?S±{- 15 0// m^r^r 

T^y-Jr — ^Sffl^T^ffiU A r ^/^^^fc^ 1 (Cl^oV 
8 0°CT*1 5$MJP8ftL/^ 1 c mHg<Z>«J£TKl:i^ 
T8 0°CT-6 OftmMmWMl^ J?$3 5//m^MI 
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0li%i:^L0. 0 5lt%T^ot 0 
[0 0 3 6] «»|8» JI^IO iimCOmm^iX^X 

ii»oi(a 9#?j2 o o o^-v^ hn— i^^/p:^ 

I^L^ffifto#iSrft5ff$ 1 0 //m<7)ffl?g€:ffl 

9 IB Lfca^tffit^NMPi^affifj:, NMP 
<Z>ft&#-*l 0 0li%CML0. 1 5fifl;%-efeo 

[0 0 3 7] «3llfcW9» ff£ 3 0 ^ mtf>«?6i-ft*.-C 

ffi4><^NMP<Z>«#fi;te\ NMP^MlOOH 
10. 1 ti%t$)of; 0 
[0 0 3 8] «Hife^Jl 0» f$30 /* m<E>«Jgi£ft*. 
Tffi«#fco£{-«I:?>#?J2. 5|imi^l|Si«lfcfi 

*^J6 tf^#i^LTI?$6 2 // m<^ffil^®®£#fc 0 

0 0M%WL0. 0 5lt%tfcofco 
[0 0 3 9] «SIJ6M 111 ¥*S«£«3&S 1 // mCO^S^ 

V ^«^KJ:*lfe09 7 t mmiZ- LTJf^ 3 5// m©Sl^ 

[0 0 4 0] 6 » AjR»«*fctt«»o#Ufc 

MttfcT, HJlO/i m<D?-# i^SrfflV^fcEW'M* 
1 4 * fcttHJfc« 8ii«(atfj3 5// mOffi 

*Ii tHHULfcll^Wf^NMPOjSWFltt, NM 

P<ZHfci&**l 0 omM%\~tt L0. 5M%tfco 

[0 0 4 1 ]' «fcbttW7» ^^W!tt^tS:•&**V^K^tt|| 
J60ij4 4fcfi|llfi0fj8 ^TOatP^ 3 5 //mcom^ 

S<t 9»WLfc1g^Sffi4 I ^>NMPCOa#Stt, NMP 
(Ott^^-fil 0 0fiS%{£2tb 1 2. 5ll%t*o 

[0 0 4 2] «Jt««8» 4feJR««*fctt«»o# Lfc 
ftJSi-R^LT, /?£ 3 0 // m<^^>ig&/BO>fcJ^M* 
3llfefi?lj5*fctt|gJ6ffi|9 £|iU«iKLTJ?£5 5//m^ffi 

#-fi<fc 9»ttJLfca^tSt>ONMP<Z)3S#i^ NM 
P^ttiA^-ffll 0 0fift%i^^fL0. 6Jta%"Cfco 
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[0 0 4 3] <<JfctfcM9>> ^frfiSHSr-g-S^V^^ttH 
Jfi^5*^i5llfi0ij9 ir^i-LTI?^ 3 2 //m(7)ffi^ 

Si: I? fttl Lfcg^aSf © NM P tli, NMP 
<Di±T&fy&l 0 0ll%i^ll 3 . 0fift%-r&o 

[0 0 4 4] «tfc««l 0» &JR«Hg*fc:tt««>o# L 

mm&ie^t^mmmi o t^t^LTi?^ s 5 n m<o 

MP0OttiA^*l 0 0*ft%^*fLl. 2fi*%-efco 

fco 

[0045] 1 1 » mfctfcn&^^^ftte 

Hffi0»j5 4fc«jafe«9 ^fpH^t-LT®^ 5 3// m<Z>K 

**J:9*HJUfc1fi^«ffi*<^NMP<©a#*^ NM 
P^tt3A^Sl 0 oii%[^Ll 0. 5li%tfco 

20 [0 0 4 6] «ifc»0J 12) 

J60!ii i i:[5i^(cLTj?$ 3 5 n m^m^mm^m^ 

fcft^Sttt^NM P OR^ili , NMP<7>f±iZ^fil 
o ofifi:%f;i*fLo. 4ll%t*fcofe 0 

[0047] «^#>ji 3» mfc^m*^^^^ 
mmm7^r^mmmi i iri^^icLTj?:^ 3 2 ^ mco 

5i**J: 9J»WLfc«^affi^NMP(^»#*^ N 
30 MP(ZHtj&*:ftl 0 0fifl£%{d*f- L 9 . 5fifi%-efco 

fco 

[0 0 4 8] JhiB^3SJ(6M4 — 1 1 , *3J;t^«:tt«»j6 — 

M&mm mmtti : d 1 mcol i bf^j;^ 

0. 3MC0LiPF 6 ^Uc«i2 0. 7 g T*7$ V 

Lfco r.tt^>(7)'l:Ml^ 2 0°C(^^ol^T, 1 mA(7)-/t|; 
40 »ftT% 4. 3 5 — 1. 0 VCDjffiffl-Cift^iSL^JfcSU, 

[0 0 4 9] 
[*2] 



50 






jft^&tt (mAh) 




1 


5 


30 


50 




5.2 


4.9 


4.6 


4.3 




4.8 


4.5 


4. 2 


3-8 


mrnwe 


5. B 


5. 1 


4. 8 


4.2 


mmm7 


4. 9 


5. 1 


4.7 


4.5 




5.5 


5. 2 


4. 8 


4.5 




4. e 


4.6 


4. 3 


4.0 


mrnwi o 


5.8 


5. 3 


5. 0 


4.5 


mmmi 1 
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(54) COMPOUND ELECTRODE, MANUFACTURE THEREOF, AND LITHIUM SECONDARY 
BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode in which redox reaction quickly 
proceeds even at a room temperature without loosing high capacity of elemental sulfur, high 
energy density characteristic by including an organic sulfur compound having at least one 
thiol group or thiolate group, polyaniline and elemental sulfur in a molecule. 
SOLUTION: An organic sulfur compound having a thiol group or thiolate group in a molecule 
is dissolved in N-R-2-pyrrolidone (R is hydrogen atom or an alkyl group) to obtain a solution 
(a), and polyaniline powder is added and mixed with the solution (a), and furthermore 
elemental sulfur powder is added and mixed with the solution (a) to obtain a slurry. This slurry 
is applied on a conductive base, and this conductive base is heated in a vacuum or an inert 
gas atmosphere to produce a compound electrode. As a polyaniline, a material obtained by 
polymerizing aniline or a derivative thereof with chemical polymerization or electrolytic 
polymerization is used. Especially, reducible polyaniline in a de-doped condition is effective. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The composite electrode characterized by containing the organosulfur compound which has at least one thiol group or a thio rate 
machine in a molecule, the poly aniline, and simple substance sulfur. 

[Claim 2] The composite electrode containing the constituent containing the organosulfur compound which has at least one thiol group or a 
thio rate machine in a molecule, the poly aniline, and simple substance sulfur, and the organosulfur compound characterized by providing 
the base material which the front face consisted of metal copper, silver, a copper alloy, or a silver alloy at least, and supported the 
aforementioned constituent. 

[Claim 3] The composite electrode characterized by providing the organosulfur compound which has at least one thiol group or a thio rate 
machine in a molecule, the poly aniline, simple substance sulfur and the constituent with which a front face contains the powder of metal 
copper, silver, a copper alloy, or a silver alloy at least, and the conductive base material which supported the aforementioned constituent in 
the row. 

[Claim 4] The 1st process which dissolves the organosulfur compound which has at least one thiol group or a thio rate machine in a 
molecule in an N-R-2-pyrrolidone (R is a hydrogen atom or an alkyl group), and obtains Solution a, The 2nd process which carries out 
addition mixture of the poly aniline powder at Solution a, the 3rd process which carries out addition mixture of the simple substance sulfur 
powder at Solution a, and obtains a slurry, And the manufacture method of the composite electrode characterized by having the 4th process 
which applies the obtained slurry on a conductive base and is heated in a vacuum or inert gas atmosphere. 

[Claim 5] The 1st process which dissolves the organosulfur compound which has at least one thiol group or a thio rate machine in a 
molecule in an N-R-2-pyrrolidone (R is a hydrogen atom or an alkyl group), and obtains Solution a, The 2nd process which carries out 
addition mixture of the poly aniline powder at Solution a, the 3rd process which carries out addition mixture of the simple substance sulfur 
powder at Solution a, and obtains a slurry, And the manufacture method of the composite electrode containing the organosulfur compound 
characterized by having the 4th process which applies the obtained slurry to the base material which a front face becomes from metal 
copper, silver, a copper alloy, or a silver alloy at least, and is heated in a vacuum or inert gas atmosphere. 

[Claim 6] The organosulfur compound which has at least one thiol group or a thio rate machine in a molecule The 1st process which 
dissolves in an N-R-2-pyrrolidone (R is a hydrogen atom or an alkyl group), and obtains Solution a, The 2nd process which carries out 
addition mixture of the powder with which a front face consists of metal copper, silver, a copper alloy, or a silver alloy at least at Solution 
a, The 3rd process which carries out addition mixture of the poly aniline powder at Solution a, the 4th process which carries out addition 
mixture of the simple substance sulfur powder at Solution a, and obtains a slurry, And the manufacture method of the composite electrode 
containing the organosulfur compound characterized by having the 5th process which applies the obtained slurry to a conductive base 
material, and is heated in a vacuum or inert gas atmosphere. 

[Claim 7] The composite electrode containing an organosulfur compound according to claim 1 to 3, the negative electrode which makes a 
lithium an active material, and the lithium secondary battery possessing nonaqueous electrolyte. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the composite electrode containing the organosulfur compound 
used for electrochemistry elements, such as a cell, an electrochromic display device, a sensor, and memory, its manufacture method, and 
the lithium secondary battery that used this composite electrode for the positive electrode. 
[0002] 

[Description of the Prior Art] Since the conductive polyacethylene was discovered in 1971, if the conductive polymer has been used for the 
electrode material, it is lightweight, and since electrochemistry elements, such as a cell of high-energy density, and an electrochromic 
element of a large area, a biochemistry sensor using the microelectrode, are expectable, the conductive polymer electrode is examined 
briskly. From a polyacethylene being unstable and it being lacking in practicality as an electrode, other pi -electron conjugated -system 
conductive polymers were examined, comparatively stable macromoiecuies, such as the poly aniline, polypyrrole, the poly acene, and the 
poly thiophene, were developed, and the lithium secondary battery which used these for the positive electrode has reached for developing. 
The energy density of these cells is said in 40-80Whs/kg. As an organic material which can expect high-energy density, the organosulfur 
compound containing a thiol group or a thio rate machine is in a molecule. 

[0003] The compound expressed with M+--S-R-S--M+ (sulfur and M+ are [ R ] a proton or a metal cation for an aliphatic or aromatic 
organic machine and S) to U.S. Pat. No. 4,833,048 among these organic compounds is proposed. It joins together mutually through an S-S 
bond according to electrolytic oxidation, and this compound is polym er-ized in a form like M+--S -R-S-S-R-S-S-R-S--M+, Tn this way , the. 
ge nerated polymer returns tojhe origin al monomer with electrolytic reduction. The metal-sulfur rechargeable battery which combined 
^Metal M and the organic disulfide system compound whiclTsuj^ry-a-^^ by the arjovFmelltion^U.S. ( 

patent. An energy density is 150-200Whs/kg. Furthermore, simple substance' sulfur is proposeJTJyUirPatT^^ ' 

material which gives high capacity 200Whs [/kg ] or more and high-energy density. 

[0004] However, the oxidation-reduction reaction of simple substance sulfur is difficult to be late and to take out a high current at a room 
temperature. Moreover, when the cell which used the metal lithium as the negative electrode is constituted, only the low cell voltage of 
about 2 V is obtained. Since an oxidation-reduction reaction is late and electrode reaction resistance is high when such a cell is operated 
under a room temperature, there is a fault that only the low operating voltage not more than 2V is obtained. In the lithium cell which used 
transition-metals oxides, such as a cobalt acid lithium, for the positive electrode, the high operating voltage exceeding 3.6V is obtained. 
The cell which has such high operating voltage can operate electronic equipment by one piece. However, it is necessary to connect two 
cells in series and to raise voltage in the lithium cell which makes simple substance sulfur a positive electrode. 

[0005] On the other hand, among the organosulfur compounds which have a thiol group or a thio rate machine in a molecule, if the above 
specific organic disulfide compounds are combined with a metal lithium negative electrode, the high cell voltage beyond 3V will be 
obtained. However, these compounds have the problem that electrode capacitance decreases gradually, when oxidation reduction (charge 
and discharge) is repeated. This is based on the following reason. If an organic disulfide compound is oxidized (charge), it will be electric 
insulation and a scarce poly disulfide compound will generate to ion conductivity. A poly disulfide compound is deficient in the solubility 
over an electrolyte. The organic disulfide monomer generated on the other hand when this poly disulfide compound monomer- izes by 
reduction (electric discharge) has the high solubility over an electrolyte. Therefore, if oxidation reduction is repeated, a part of monomer- 
ized disulfide will dissolve in an electrolyte, and the dissolved monomer will be polymer-ized in the place located from the first in the 
electrode, and a different place. The poly disulfide compound which is separated from electric conduction agents, such as carbon, polymer- 
ized, and deposited is isolated from the network of the electron and ionic conduction in an electrode, and stops and participating in 
electrode reaction. If oxidation reduction is repeated, the isolated poly disulfide compound will increase and the capacity of a cell will fall 
gradually. Moreover, it is easy to move a soluble organic high disulfide monomer, and it dissipates in a negative-electrode side further in 
separator or an electrolyte from a positive electrode. For this reason, by the cell which used the electrode containing an organic disulfide 
compound for the positive electrode, it had the fault to which charge-and-discharge efficiency falls, or a charge-and-discharge cycle life 
becomes short and to say. 
[0006] 

[Problem(s) to be Solved by the Invention] this invention aims at offering the composite electrode to which such a problem is solved, and 
the feature of the high capacity of simple substance sulfur and high-energy density is not spoiled, and an oxidation- reduction reaction 
advances quickly also under a room temperature. The feature of the high-energy density of an organosulfur compound is not spoiled, and 
charge-and-discharge efficiency is held highly again, and this invention aims at offering the composite electrode from which a good ' 
charge-and-discharge cycle property is acquired. 
[0007] 

[Means for Solving the Problem] The composite electrode of this invention is characterized by the bird clapper from the constituent which 
contains in a molecule the organosulfur compound which has at least one thiol group or a thio rate mac hine, the poly aniline, and simple 
"substance sulTur.j\ s foTthe composite electrode of this invention, it is desirable to have the conducuve^b^^ the 
aforementioned constituent. Furthermore, the composition whose aforementioned constituent constitute a front face from metal copper, 
silver, a copper alloy, or a silver alloy at least, or contains at least the powder of the aforementioned base material with which a front face 

~ ■ — — — . — i 
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t consists of metal copper, silver, a copper alloy, or a silver al loy is desirable. 

'-fftntixj ThfrrfraTTTTfarrbw^^pthod of % rnmpriaito^a^tm?tr7^ this iTTve.ntmn is an N-R-2-pyrrolidone (R expresses alkyl groups, such as a 
hydrogen atom or CH3, C2H5, and n-C4H9.) about the organosulfur compound which has at least one thiol group or a thio rate machine in 
a molecule. The 2nd process which carries out addition mixture of the poly aniline powder at Solution a, the 3rd process which carries out 
addition mixture of the simple substance sulfur powder at Solution a, and obtains a slurry, and the obtained slurry are applied to a 
conductive base material, and it has the 4th process heated in a vacuum or inert gas atmosphere, such as an argon and nitrogen. In case the 
electrode in which the aforementioned constituent contains powder, su ch as metal copper and metal silver, is manufactured here, it is 
desirable to dissolve the aforementioned organosulfur compouncfm^anj^-k^-pyrrolidone first, to carry out addition mixture of the powder, 
such as metal copper and metal silver, at the solution a, and to take the poly aniline powder and the process which subsequently carries out 

addition mixture of the simple substance sulfur powder, respectively after an appropriate time. Sjnce jt carries out after dissolving an „ 

organo^uj fur compound for addition of the polv aniline which makes viscosity of a solut ion high, or a^or^^ryjj^-o^td^^n mixture of" 
"Tfie^owderTsuch as metal copper and metal silver, further, the solution which the organosulfui cotiipounTand the poly aniline dissolved in 

-the~iN-K-2-pyrrolidone uniformly at high concentration can be obtained: ~ * 

[0009] 

[Embodiments of the Invention] Since the composite electrode of this invention contains simple substance sulfur, a big capacity is obtained 
compared with the composite electrode which consists only of a poly aniline (it expresses with Following PAn.), and an organosulfur 
compound (it expresses with Following SS.). For simple substance sulfur, although it has 1675 Ah(s)/kg [ per weight ] big geometric 
capacity, under a room temperature, it is lacking in the reversibility of an oxidation- reduction reaction, and a utilization factor is also 20% 
or less and a low. However, if it composite-izes with PAn and SS and uses, it will be 80% or more of high utilization factor, and, moreover, 
high reversibility will be acquired. Moreover, although only the cell voltage of 2V is obtained only with simple substance sulfur when it 
combines with a metal lithium negative electrode, the high cell voltage beyond 3V is obtained by combining with PAn and SS. 
Furthermore, the thio (poly) rate anion of SS and the thio (poly) rate anion of simple substance sulfur dope to PAn, and form a conductor. 
For this reason, if it is in the composite electrode of this invention, an oxidation-reduction reaction is able to form an electronic transfer 
path on molecule level, and to advance smoothly. 

[0010] Next, the composite electrode whose amount of residual NAP(s) is parenchyma top zero can be obtained by applying to a base 
material the constituent which mixed the sulfur simple substance in the ink which consists of SS, PAn, and an N-R-2-pyrrolidone (it 
expresses with Following NAP.), and was obtained, and heating it. since NAP is a material which does not contribute to an oxidation- 
reduction reaction, it makes the content of NAP parenchyma top zero - per weight - size ~ the composite electrode of a **** capacity can 
be obtained 

[001 1] The poly aniline and SS ^and complex ar^ formed by the charge-and-discharge reaction, the complex of SS and SS, and the poly 
aniline dissolves in an electrolyrc, and them ejaj^ ffh^fr I s , °*j e o c onsti tt^^ 

operation which prevents dissipating fro m a positive electrode. For this" reason, the outstaWing^charge-and-di scharge cycle life can be 
^acquireaTFurtherm ore, the composit e electrode ofthis myjmtioj^ gi elc^trodcaf only 'SkT* 

"Tpoly aniline and^S^ c — n«rn.r— — ^- _4^«*_ 

~~pKn*Jf As ari'SSTtne compound expressed with a general formula (R (S) y) n can be used. For R, an aliphatic machine, an aromatic 
machine, and S are [one or more integers and n of sulfur and y ] two or more integers. HSCH2CH2SH The dithio glycol expressed, 2 
expressed with C2N2S(SH)2, 5-dimercapto -1,3, 4-thiadiazole, s-triazine-2,4,6-tri thiol expressed with ^3H31^3S3, ' 7-MECHIRU 2 and 6 
expressed with C6H6N4S3, 8-trimercapto pudding, 4 expressed with C4H6N4S2, the 5-diamino 2, a 6-dimercapto pyrimidine, etc. are 
used. All can use commercial elegance as it is. Moreover, the polymerization object containing the dimer of SS which carried out the 
polymerization of these SSs by the chemistry polymerization method or the electrolytic oxidation method using oxidizers, such as an 
iodine, potassium ferricyanide, and a hydrogen peroxide, and a tetramer can be used. Furthermore, as an SS, the poly carbon disulfide 
expressed with n (CSx) (x=0.5-2, n= 2 or more numbers) can be used. 

[0013] What is obtained as a poly aniline by carrying out the polymerization of an aniline or its derivative by the chemistry polymerization 
method or the electrolytic polymerization method is used. Since especially the reducing poly aniline of a ** dope state catches an organic 
disulfide monomer effectively, it is desirable. The degree (RDI) of reduction of the poly aniline can express the poly aniline with the ratio 
of the intensity (1640) of the absorption peak resulting from the qui none diimine structure of appearing in an electronic-absorption- 
spectrum [ of the solution which carried out the minute amount dissolution ], i.e., neighboring 640nm long wavelength, side, and the 
intensity (1340) of the absorption peak resulting from the Para substitution benzene structure of appearing in neighboring 340nm short 
wavelength side, RDM640 / 1340 to a N-methyl-2-pyrrolidone. 0.5 or less poly aniline is suitably used for RDI. The grade of the ** dope 
of the poly aniline is expressed by conductivity. The poly aniline of 10 to 5 or less S/cm is suitably used for conductivity. 
[0014] As NAP used for the manufacture method of this invention, what reduced moisture for the commercial reagent to 20 ppm or less 
with remaining as it is or the zeolite adsorbent can be used. A pyrrolidone, a N-methyl-2-pyrrolidone, an N-ECHIRU 2-pyrrolidone, an N- 
BUCHIRU 2-pyrrolidone, etc. can be used. 

[0015] The metallic foil and carbon film which applied or covered conductive polymer film films, such as metallic foils, such as the porous 
carbon film and titanium which consist of carbon black and a fluororesin, aluminum, and stainless steel, the poly aniline, and polypyrrole, 
or the conductive polymer film film can be used for the conductive base material used for this invention. 

[0016] You may use the copper alloy or silver alloy containing metals other than a pure copper and virgin silver, such as gold, an indium, 
tin, and lead, for the base material which consists of still more desirable metal copper used for this invention. When it constitutes a base 
material from a foil, the thickness of a foil has 0.1 to desirable 100 micrometers. Moreover, you may use metallic foils, such as a clad plate 
which carried out the laminating of copper foil or the silver leaf to metallic foils, such as titanium, aluminum, and stainless steel, and 
copper coating or titanium which carried out silver plating, aluminum, stainless steel. That in which a front face has the thing of the shape 
of flatness or toothing and two or more regular or irregular breakthroughs can be used for copper foil, silver leaf, and a clad plate. 
Powdetex Lor fibrous metal copper, metal silver, a copper alloy, or a silver alloy is used for powder, such as metal copper added to an 
electrode constituent. A 10-micrometer thing has [ these ] particle size or a diameter of fiber, and desirable fiber length from 100A. 
TuTttierm or^ you ma y use the material which coated the front face of the particle of synthetic resin, such as acrylic resin, with copper, 
silver, the copper alloy, or the silver alloy. 

[0017 ] Simple substanc e sulfur us es commercial simple substance sulfur powder 99^.9% or more of purity is _ desirable A-p.o»;dcrcd-part4clc 
size has desirable 10 micrometers or less. The poly anihnyfiaTnnTraTeof an organosulfur^oni pound and the poly anilin^_de^abieJlJ(lL_ 
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- 10 weight section to the organic disulfide compound 1 weight section. Th&jgt e of the metal copper added to an electrode constituent, a 
copper alloy, silver, or the powder of a silver alloy has desirable 0.01-10 weight section to the total qua ntity 1 weight section o f an 
organ osulfur compou nd qn< l the poly aniline, a sulfur simple substance -- the organosulfur-compou nd 1 weight secti on - re ceiying^QJ — - 
weight section -- 0.5 to 2 weight section is used preferably 
ijl r00181 I n addition to the alkali-metal cation and alkaline-earth- metal cation which are stated to the above-mentioned U.S. patent, a copp er 
\^c ation and a silver catig j^cm^use d for metal cati o" M+ fl l thptimp ^^S ^returning and forming a salt I n the composite electrode of this 

| invention, you may add an electric conduction agent in order to raise conductivity further. There are conductive polymers, such as 

I polypyrrole other than the end of a carbon powder, such as a graphite powder, a graphite fiber, and acetylene black powder, or fiber, and 

I the poly aniline and the poly thiophene, in such an electric conduction agent. 
[0019] In the composite electrode of this invention, you may add the electrolyte containing metal cation M+. As such an electrolyte, the 
polyelectrolyte of the shape of the shape of a solid-state which spreading diffusion of an organic disulfide monomer cannot carry out easily, 
and a semisolid is desirable, the inside of non-aqueous solvents, such as a polymer solid electrolyte which dissolved the lithium salt of 
LiC104, LiCF3S03, and LiN(CF3S02)2 grade in the polyethylene oxide, propylene carbonate, and ethylene carbonate, - LiC104, 
LiCF3S03, and LiBF4, LiPF6 and LiN (CF3S02)2 etc. etc. - the polyelectrolyte of the shape of a semisolid which gelled the electrolytic 
solution which dissolved lithium salt by the polyacrylonitrile, the polyvinylidene fluoride, the polyacrylic acid, and macromolecule like a 
polyethylene oxide is used You may add to NAP the liquid electrolyte which carried out 1M intensity dissolution of the aforementioned 
lithium salt. Furthermore, to the composite electrode of this invention, you may add organic macromolecule binders, such as a polyvinyl 
pyrrolidone, polyvinyl alcohol, a polyvinyl pyridine, and a polyvinylidene fluoride, in order to raise film production nature and to obtain 
high film intensity. The lithium secondary batte ry by this invention possesses the negative electrode which makes the above-mentio ned 
compo site electrode a positive electrode, and makes nonaqueous electrolyte and a lithium an active material. A carbon material, a lithium 

""^ont enTmultiple oxide, etc. which a metal lithium, a lithium alloy, and a lithium can frequent in reversible are used for the negativ e 
electrode which makes a lithium an active material. 
[0020] 

[Example] Hereafter, the example of this invention is explained. 

«example \» 2, 5-dimercapto -1,3, 4-thiadiazole 1.5g of powder of (being hereafter referred to as DMcT), and the poly aniline (the 
NITTO DENKO make --) The conductivity which carried out the ** dope of the tradename anilide in the alkali solution, and was returned 
and obtained by the hydrazine 10-8 S/cm, A RDI value l.Og of** dope reduction poly aniline powder of 0.26, 0.25g of acetylene black 
powder, Trituration mixture of l.Og of simple substance sulfur powder and the 0.1 5g (copolymerization mole-ratio =95/5, number average 
molecular weight 400,000) of the acrylonitrile / methyl acrylate copolymer powder was carried out. On the other hand, LiPF6 of LiBF 4 
and 0.5M of 1M was dissolved in ethylene carbonate / dimethyl carbonate mixed solvent (volume ratio 1:1), and the electrolytic solution 
was prepared. Addition kneading of the 3.0g of this electrolytic solution was carried out at the aforementioned mixture, and the mixture 
was fabricated in the heat press roller on the sheet with a thickness of 100 micrometers in 75 degrees C. This sheet was piled up with the 
sheet of the copper mesh of 25 micrometers in thickness, and 65% of numerical apertures, was again fabricated by the heat press roller in 
75 degrees C, and the composite-electrode sheet with a thickness of 55 micrometers which makes the sheet of a copper mesh a core 
material was obtained. The obtained composite electrode was disconnected on 2x2cm square. 

[0021] «example 2» After dissolving 2.0g of DMcT powder in 7.0g (it expresses with NMP hereafter) of N- methyl -2-pyrrolidones, 10-8 
S/cm and the RDI value dissolved further l.Og of** dope reduction poly aniline powder of 0.26, and the same conductivity as an example 
1 obtained the ********** DMcT-PAn-NMP solution of a bluish green color. In this solution, addition mixture of the l.Og of the simple 
substance sulfur powder was carried out, and the slurry was prepared. After the gap applied this slurry on metal copper foil with a thickness 
of 10 micrometers using the applicator which is 150 micrometers, it heated for 15 minutes at 80 degrees C in the argon gas air current, and 
further, it heated for 60 minutes at 70 degrees C in the vacuum, and the composite electrode with a thickness of 35 micrometers was 
obtained. The obtained composite electrode was disconnected on 2x2cm square. The amount of survival of NMP in the composite electrode 
computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.2 % of the weight to 
100 % of the weight of charges of NMP. 

[0022] «example 3» To NMP7.0g, 4, the 5-diamino 2, a 6-dimercapto pyrimidine the poly aniline (the NITTO DENKO make --) after 
dissolving 2.0g of powder of (being hereafter referred to as DDPy) The conductivity which carried out the ** dope of the tradename anilide 
in the alkali solution, and was returned and obtained by the hydrazine 10-8 S/cm, l.Og of** dope reduction poly aniline powder of 0.30 
was dissolved further, and further, the RDI value added 9.7g of NMP(s), and obtained the DMcT-PAn-NMP solution of a bluish green 
color. In this solution, it added 0.25g and l.Og of simple substance sulfur powder, acetylene black powder was uniformly mixed in it, and 
the black slurry was obtained in it. After the gap applied this black slurry on metal copper foil with a thickness of 30 micrometers using the 
applicator which is 250 micrometers, it heated for 15 minutes at 80 degrees C in the argon gas air current, and further, it heated for 60 
minutes at 70 degrees C among the vacuum, and the composite electrode with a thickness of 55micro was obtained. The obtained 
composite electrode was disconnected on 2x2cm square. The amount of survival of NMP in the composite electrode computed from the 
weight difference and charge of a composite electrode before and behind vacuum heating was 0.1 % of the weight to 100 % of the weight 
of charges of NMP. 

[0023] Example of «comparison 1» The composite electrode with a thickness of 55 micrometers was obtained like the example 1 except 
simple substance sulfur powder not being included. 

[0024] Example of «comparison 2» The composite electrode with a thickness of 55 micrometers was obtained like the example 1 except 
reduction poly aniline powder not being included. 

[0025] Example of «comparison 3» The composite electrode with a thickness of 55 micrometers was obtained like the example 1 except 
DMcT powder not being included. 

[0026] Example of «comparison 4» The composite electrode with a thickness of 35 micrometers was obtained like the example 2 except 
simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from the weight 
difference and charge of a composite electrode before and behind vacuum heating was 12.5 % of the weight to 100 % of the weight of 
charges of NMP. 

[0027] Example of «comparison 5» The composite electrode with a thickness of 53 micrometers was obtained like the example 3 except 
simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from the weight 
difference and charge of a composite electrode before and behind vacuum heating was 11.5 % of the weight to 100 % of the weight of 
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charges of NMP. 

[0028] A lithium cell like drawing 1 was assembled by making into a positive electrode each electrode obtained in the above examples 1-3 
and examples 1-5 of comparison. In drawing 1 , 1 expresses a positive electrode. The laminating of this positive electrode 1, and the 
separator layer 2 which consists of a gel electrolyte with a thickness of 0.2mm and the negative electrode 3 which consists of a metal 
lithium foil with a thickness of 0.3mm was carried out, the power generation element of 2x2cm angle was built, and this was sealed with 
the sheathing film 4 of two upper and lower sides. The gel electrolyte gelled and prepared polyacrylonitrile 3.0g by 20.7g of solutions 
which dissolved LiPF6 of LiBF 4 and 0.5M of 1M in the mixed solvent (volume ratio 1:1) of ethylene carbonate/dimethyl carbonate. A 
sheathing film consists of a resin film which laminated aluminum, and the lead (not shown) of a positive electrode and a negative electrode 
is pulled out from the welding of an up-and-down film. 

[0029] In 20 degrees C, the charge and discharge of each above-mentioned cell were repeatedly carried out with 1mA fixed current in 4.35- 
1.0V, the service capacity (unit : mAh) in each charge-and-discharge cycle was measured, and the charge-and-discharge cycle property was 
evaluated. A result is shown in Table 1. Moreover, the discharge curve of the 5th cycle eye of charge and discharge is shown in drawing 2 
about the cell using the positive electrode of an example 1 and the examples 1-3 of comparison. 



[0030] 
[Table H 




Ut«8& (mAh) 




i 


5 


30 


50 


nnw i 


6.0 


5.8 


5.5 


5.3 




5.2 


4.9 


4.6 


4.3 




5.0 


4.9 


4.6 


4.2 




2.2 


1.9 


1.7 


1.5 


Jt««2 


5. 6 


4.0 


2.8 


1.6 




4.6 


3.8 


3.3 


2.8 




1.8 


1.8 


1.5 


1.3 




1.6 


1.7 


1.5 


1.2 



[0031] Compared with the cell using the composite electrode of the examples 1, 2, and 3 of comparison which corresponds by the cell 
using the composite electrode of an example 1 according to this invention, service capacity is large, a high cell voltage is obtained and the 
fall of the service capacity in a charge-and-discharge cycle is small so that clearly from the above result. Moreover, in the composite 
electrode of examples 2 or 3 according to this invention, the amount of residual NMP(s) is parenchyma top zero, and NMP (capacity is not 
given) which does not participate in a cell reaction is not included on parenchyma. 

[0032] «example 4» After dissolving 2.0g of DMcT powder in NMP7.0g, 10-8 S/cm and the RDI value dissolved further 1 .0g of** 
dope reduction poly aniline powder of 0.26, and the same conductivity as an example 1 obtained the ********** DMcT-PAn-NMP 
solution of a bluish green color. In this solution, addition mixture of the l.Og of the simple substance sulfur powder was carried out, and the 
slurry was prepared. After the gap applied this slurry on metal copper foil with a thickness of 10 micrometers using the applicator which is 
150 micrometers, it heated for 15 minutes at 80 degrees C in the argon gas air current, and further, it heated for 60 minutes at 70 degrees C 
among the vacuum, and the composite electrode with a thickness of 35 micrometers was obtained. The obtained composite electrode was 
disconnected on 2x2cm square. The amount of survival of NMP in the composite electrode computed from the weight difference and 
charge of a composite electrode before and behind vacuum heating was 0.2 % of the weight to 100 % of the weight of charges of NMP. 
[0033] «example 5» After dissolving 2.0g of DMcT powder in NMP7.0g, 10-8 S/cm and the RDI value dissolved l.Og of ** dope 
reduction poly aniline powder of 0.30, the same conductivity as an example 3 added 9.7g of NMP(s) further, and the DMcT-PAn-NMP 
solution of a bluish green color was obtained. In this solution, it added 0.25g and l.Og of simple substance sulfur powder, acetylene black 
powder was uniformly mixed in it, and the black slurry was obtained in it. After the gap applied this black slurry on metal copper foil with 
a thickness of 30 micrometers using the applicator which is 250 micrometers, it heated for 15 minutes at 80 degrees C in the argon gas air 
current, and further, it heated for 60 minutes at 70 degrees C among the vacuum, and the composite electrode with a thickness of 55micro 
was obtained. The obtained composite electrode was disconnected on 2x2cm square. The amount of survival of NMP in the composite 
electrode computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.1 % of the 
weight to 100 % of the weight of charges of NMP. 

[0034] «example 6» After dissolving 1.5g of powder of s-triazine-2,4,6-tri thiol (hereafter referred to as TTA) in NMP7.5g, the ** dope 
of the poly aniline (the NITTO DENKO make, tradename anilide) was carried out in the alkali solution, 10-8 S/cm and the RDI value 
dissolved l.Og of ** dope reduction poly aniline powder of 0.18, and the conductivity returned and obtained by the hydrazine obtained the 
TTA-PAn-NMP solution. Furthermore, l.Og and 0.5g of acetylene black powder were added, simple substance sulfur powder was mixed 
uniformly, and the black slurry was obtained. After the gap applied this black slurry on metal copper foil with a thickness of 30 
micrometers using the applicator which is 250 micrometers, it heated for 15 minutes at 80 degrees C in the argon gas air current, and 
further, it heated for 60 minutes at 80 degrees C among the vacuum, and the composite electrode with a thickness of 58micro was obtained. 
The obtained composite electrode was disconnected on 2x2cm square. The amount of survival of NMP in the composite electrode 
computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.05 % of the weight to 
100 % of the weight of charges of NMP. 

[0035] «example 7» 2,0g of DMcT(s) was dissolved in NMP7,0g, and the DMcT-NMP solution was obtained. In this solution, 0.5g of 
metal copper powders whose mean particle diameter is 1 micrometer was added, and the ink which wore redness for a while was obtained. 
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The ** dope of the poly aniline (the NITTO DENKO make, tradename anilide) was carried out in the alkali solution, 10-8 S/cm and the 
RDI value added l.Og of** dope reduction poly aniline powder of 0.28 in this ink, and the conductivity returned and obtained by the 
hydrazine dissolved in it. Furthermore, addition mixture of the l.Og of the simple substance sulfur powder was carried out. After using and 
applying the applicator of 1 50-micrometer gap on the titanium foil with a thickness of 10 micrometers and heating the obtained ink at 80 
degrees C in Ar gas air current for 15 minutes, it heat-treated for 60 minutes at 80 degrees C under reduced pressure of lcmHg, and the 
composite electrode with a thickness of 35 micrometers was obtained. The obtained electrode was disconnected on 2x2cm square. The 
amount of survival of NMP in the composite electrode computed from the weight difference and charge of a composite electrode before 
and behind vacuum heating was 0.05 % of the weight to 100 % of the weight of charges of NMP. 

[0036] «example 8» The composite electrode with a thickness of 35 micrometers was obtained like the example 4 except having used 
copper foil with a thickness of 10 micrometers which has the silver plating layer which replaced with copper foil with a thickness of 10 
micrometers, and was formed in the thickness of about 2000A with electroless plating. The amount of survival of NMP in the composite 
electrode computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.15 % of the 
weight to 100 % of the weight of charges of NMP. 

[0037] «example 9» The composite electrode with a thickness of 55 micrometers was obtained like the example 5 except having used 
copper foil with a thickness of 30 micrometers which has the silver plating layer which replaced with copper foil with a thickness of 30 
micrometers, and was formed in the thickness of about lmicro with electroless plating. The amount of survival of NMP in the composite 
electrode computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.1 % of the 
weight to 100 % of the weight of charges of NMP. 

[0038] «example 10» The composite electrode with a thickness of 62 micrometers was obtained like the example 6 except having used 
copper foil with a thickness of 35 micrometers which has the silver plating layer which replaced with copper foil with a thickness of 30 
micrometers, and was formed in the thickness of about 2.5 micrometers with electroless plating. The amount of survival of NMP in the 
composite electrode computed from the weight difference and charge of a composite electrode before and behind vacuum heating was 0.05 
% of the weight to 100 % of the weight of charges of NMP. 

[0039] «example 11» It replaced with the metal copper powder whose mean particle diameter is 1 micrometer, and the electrode with a 
thickness of 35 micrometers was obtained like the example 7 except having used the end of metal silver dust whose mean particle diameter 
is 1.5 micrometers. 

[0040] Example of «comparison 6» It replaced with metal copper foil or the copper foil which carried out silver plating, and the 
composite electrode with a thickness of 35 micrometers was obtained like the example 4 or the example 8 except having used the titanium 
foil with a thickness of 10 micrometers. The amount of survival of NMP in the composite electrode computed from the weight difference 
and charge of a composite electrode before and behind vacuum heating was 0.5 % of the weight to 100 % of the weight of charges of NMP. 

[0041] Example of «comparison 7» The composite electrode with a thickness of 35 micrometers was obtained like the example 4 or the 
example 8 except simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from 
the weight difference and charge of a composite electrode before and behind vacuum heating was 12.5 % of the weight to 100 % of the 
weight of charges of NMP. 

[0042] Example of «comparison 8» It replaced with metal copper foil or the copper foil which carried out silver plating, and the 
composite electrode with a thickness of 55 micrometers was obtained like the example 5 or the example 9 except having used the titanium 
foil with a thickness of 30 micrometers. The amount of survival of NMP in the composite electrode computed from the weight difference 
and charge of a composite electrode before and behind vacuum heating was 0.6 % of the weight to 100 % of the weight of charges of NMP. 

[0043] Example of «comparison 9» The composite electrode with a thickness of 32 micrometers was obtained like the example 5 or the 
example 9 except simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from 
the weight difference and charge of a composite electrode before and behind vacuum heating was 13.0 % of the weight to 100 % of the 
weight of charges of NMP. 

[0044] Example of «comparison 10» It replaced with metal copper foil or the copper foil which carried out silver plating, and the 
composite electrode with a thickness of 55 micrometers was obtained like the example 6 or the example 10 except having used the titanium 
foil with a thickness of 30micro. The amount of survival of NMP in the composite electrode computed from the weight difference and 
charge of a composite electrode before and behind vacuum heating was 1.2 % of the weight to 100 % of the weight of charges of NMP. 
[0045] Example of «comparison 1 1» The composite electrode with a thickness of 53 micrometers was obtained like the example 5 or the 
example 9 except simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from 
the weight difference and charge of a composite electrode before and behind vacuum heating was 10.5 % of the weight to 100 % of the 
weight of charges of NMP. 

[0046] Example of «comparison 12» The composite electrode with a thickness of 35 micrometers was obtained like the example 7 or the 
example 1 1 except having used the ink which does not add a metal copper powder or the end of metal silver dust. The amount of survival 
of NMP in the composite electrode computed from the weight difference and charge of a composite electrode before and behind vacuum 
heating was 0.4 % of the weight to 100 % of the weight of charges of NMP. 

[0047] Example of «comparison 13» The composite electrode with a thickness of 32 micrometers was obtained like the example 7 or the 
example 1 1 except simple substance sulfur not being included. The amount of survival of NMP in the composite electrode computed from 
the weight difference and charge of a composite electrode before and behind vacuum heating was 9.5 % of the weight to 100 % of the 
weight of charges of NMP. 

[0048] Each electrode of the above-mentioned examples 4-11 and the examples 6-13 of comparison was used for the positive electrode, 
and a lithium cell like drawing 1 was assembled like the example 1. However, the gel electrolyte was prepared by gelling polyacrylonitrile 
3.0g by 20.7g of solutions which dissolved LiPF6 of LiBF 4 and 0.3M of 1M in ethylene carbonate / dimethyl carbonate mixed solvent 
(volume ratio 1:1). In 20 degrees C, the charge and discharge of these cells were repeatedly carried out with 1mA fixed current in 4.35- 
1.0V, the service capacity in each charge- and-discharge cycle was measured, and the charge-and-discharge cycle property was evaluated. A 
result is shown in Table 2. Moreover, the discharge voltage of the 5th cycle eye of charge and discharge is shown in drawing 3 about the 
cell using the positive electrode of an example 4 and the examples 6 and 7 of comparison. 
[0049] 
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Table 21 





St®#S (mAh) 
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5 


30 


50 




5. 2 


4. 9 


4. 6 


4.3 




4. 8 


4. 5 


4. 2 


3. 8 


HJfe0!l6 


5. 6 


5. 1 


4. 8 


4. 2 




4. 9 


5. 1 


4, 7 


4. 5 




5 5 


5. 2 


4. 8 


4. 5 




4. 8 


4. 6 


4. 3 


4.0 


HJfeffl 1 0 


.1 8 


j. {j 






XttfV 1 1 


5. D 


4. 8 


4. 6 


4. 4 




4. 8 


4.2 


3. 3 


2. 2 




1. B 


1.8 


1. 5 


1.3 




4.5 


4.0 


3.2 


2.0 


ifcg0J9 


1.6 


1.7 


1.4 


1.2 


ttSW 1 o 


5.3 


4.4 


3.4 


2.4 


ttmi 1 1 


2. 1 


1.8 


1.6 


1.5 


ttKflll 2 


4.6 


4.1 


3.4 


2.3 


ittxffll 3 


1. 7 


1.6 


1.5 


1.3 



[0050] Compared with the cell using the composite electrode of the example of comparison which corresponds, respectively, service 
capacity is large and the cell using the composite electrode according to this invention has the small fall of the service capacity in a charge- 
and-discharge cycle so that clearly from the above result. 
[0051] 

[Effect of the Invention] the rechargeable battery of the former [ composite electrode / of this invention ] — the cell which has a 
************ capacity and has high voltage is given Furthermore, into charge and discharge, dissipation out of the positive electrode of a 
positive active material is mitigated, and the composite electrode of this invention gives a high-energy density rechargeable battery with 
few falls of the service capacity in charge and discharge. In addition, although the example showed only the example applied to the cell, if 
the composite electrode of this invention is used for a counter electrode, biochemistry sensors, such as an electrochromic element with a 
quick coloring / fading speed and an early glucose sensor of a speed of response, can be obtained. Moreover, an electrochemistry analog 
memory with quick writing and read-out speed can also be constituted. 



[Translation done.] 
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